The tensor terms of the Skyrme effective interaction are included in the self-consistent Hartree- 
Ref [16] .
In this letter, we employ the triplet-even and triplet-odd zero-range tensor terms, which have the form originally postulated in the pioneering work by Skyrme and read [3, 4] 
In the above expression, the operator k = (∇ 1 − ∇ 2 ) /2i acts on the right and
2 ) /2i acts on the left. The coupling constants T and U denote the strengths of the triplet-even and triplet-odd tensor interactions, respectively. The calculation employs, consistently with the choice of the Skyrme force SIII and with Ref. [7] , the values T = 1008 MeV fm 5 and U = −432 MeV fm 5 . Similar values of the tensor interactions have been suggested in Ref. [8] in the study of spin−splitting of Sb isotopes. In Refs. [7, 8] , the parameters T and U are chosen in such a way to improve the absolute values and the isotopic(or isotonic) trends of single-particle energies. This criterion limits the possible choice on both the magnitude and sign of T and U. In this way, one obtains an effective tensor interaction which does not necessarily correspond to the result of a G-matrix calculation, since effects from three-body force and nuclear correlations can have been effectively included.
This point has been discussed in Ref. [6] .
The main effect of the tensor terms on HF calculations is a modification of the spin-orbit potential(the total binding energies and radii being, as a rule, less affected). The spin-orbit potential is given by
In this expression, q=0(1) labels neutrons (protons). J n and J p are the so-called spin-orbit densities of neutrons and protons respectively. Their definition can be found in Ref. [17] . The first term in the r.h.s comes from the Skyrme two-body spin-orbit interaction, whereas the second term includes both a central exchange and a tensor contribution, that is, α = α C +α T and β = β C + β T with
It should be noted that J q gives essentially no contribution in the spin-saturated cases. Since the tensor force is spin-dependent and affects the spin-orbit splitting, the spin mode is very likely to receive strong influence. we study hereafter the GT excitation as the well-known spin mode. The operator for GT transitions is defined aŝ
in terms of the standard isospin operators, t ± = 1 2
(t x ±it y ). In the charge-exchange RPA, the t − and t + channels are coupled and the corresponding eigenstates emerge from a single diagonalization of the RPA matrix.
In self-consistent charge-exchange HF+RPA calculations, the NEWSRs m ± (0) and the Energy-Weighted Sum Rules (EWSR) m ± (1) (associated with the two different isospin chan-nels) satisfy the following relations
where O + (O − ) is a generic charge-changing operator proportional to t + (t − ). In the GT case, the difference of NEWSRs (8) is model-independent and turns out to be
The sum of the EWSRs (9) is model-dependent and it receives a contribution from the tensor interaction, which is obtained by replacing the total Hamiltonian H in the double commutator of (9) with V T . If there is enough neutron excess, and the contributions from the t + channel to the sum rules, m + (0) and m − (0), are small, then we can estimate the effect of the tensor interaction on the GT centroid in the t − channel by writing
where the last line comes from a lengthy but straightforward evaluation of the double commutator.
In the present work, we do not include the two-body spin-orbit residual interaction in RPA. Consequently our calculations are not, strictly speaking, fully self-consistent. However, this term of the residual interaction has been shown to be very small [18] in the case of the GT. Therefore, we can claim that self-consistency is not seriously broken. We do not make any further approximation, and, in particular, we include in HF the central exchange terms associated with α C and β C .
Only the values reported in Table I are, however, calculated by dropping completely the spin-orbit contribution, both at HF and RPA level. This calculation (with the Skyrme parameter W 0 set at 0) is not expected to be compared with the experimental findings but respects self-consistency in a strict sense. The shift in the GT centroid caused by the inclusion of tensor terms, [calculated by using either RPA or the analytical formula (11)], and the EWSR m − (1) + m + (1) obtained from RPA, are listed in Table I separately these effects. In the first one, the tensor terms are not included at all. In the second one, we include tensor terms in HF but drop them in RPA. This calculation is not self-consistent, but it displays the effects of changes in single-particle energies on the strength distribution. In the last one, the tensor terms are included both in HF and RPA calculations.
For simplicity, results of the three categories of calculations are labeled by 00, 10 and 11, respectively.
We have evaluated the amounts of NEWSR m − (0) and EWSR m − (1) in different excitation energy regions, and listed them in Table II The EWSR in the energy region below 30 MeV is of course also decreased after the inclusion of the tensor terms. From Table II 1(b) ). When the tensor terms are included only in HF and neglected in RPA, the centroid in the energy region of 0-30 MeV is moved upwards by about 1.5 MeV, and the high energy peak at E ∼ 16 MeV is moved upwards by only 0.5 MeV, as compared with the results without tensor terms. When the tensor terms are included in both HF and RPA, the centroid of the GT strength in the energy region 0-30 MeV is moved downwards by about 1 MeV, and the high energy peak is moved downwards about 2 MeV, as compared with the results obtained without tensor terms. Including tensor terms in RPA makes the two main separated peaks closer (this situation also happens for 48 Ca). This result can be attributed from the HF and RPA correlations of the tensor terms.
From the typical effect of the tensor correlations on HF field [2, 8] , when the ν1g 9/2 orbit is filled by neutrons, the tensor correlations give a quenching on the spin−orbit splitting between π1g 9/2 and π1g 7/2 orbits so that the unperturbed energies of the two main p − h configurations (π1g 7/2 − ν1g −1 9/2 ) and (π1g 9/2 − ν1g −1 9/2 ) are closer in energy as it is shown in Fig. 1(b) . The RPA results in Fig. 1(a) labelled by (00) and (10) reflect these changes of HF single particle energies due to the tensor correlations and the energy difference between two peaks is narrower. Meanwhile, the RPA correlation associated with tensor terms move the higher energy peak downwards, and this effect can be seen in the results in Fig.1(a) labelled by (10) and (11) . For GT transitions in the energy region of 30-60 MeV, several dominant configurations are expected and they receive some strength from the low excitation energy region due to tensor correlations.
In
208 Pb, from Fig 2(a) we see that the GT strength is concentrated in two peaks in the low energy region of 0-30 MeV. There are eleven important configurations which do contribute to these peaks. When the tensor terms are only included in HF and neglected in RPA, the centroid of these peaks is moved upwards about 0.5 MeV, and the higher energy peak at E ∼ 18 MeV is also raised by about 0.8 MeV. When the tensor terms are included in both HF and RPA calculation, the centroid of these peak moves downwards by about 1.5
MeV, and the higher energy peak moves also downwards by about 3.3 MeV, compared with the result obtained without tensor terms. By including tensor terms in the RPA calculation, the GT strengths in the energy region of 30-60 MeV are increased substantially by the shift of the strength in the energy region of 0-30 MeV through the tensor force.
We have calculated the GT strength in 90 Zr by adding the presently used tensor terms to SGII and obtained the same result that about 10% of the NEWSR appears in the high energy region of 30-60 MeV.
In conclusion, we have studied the effect of the tensor correlations on the GT excitations give the analytical formula to estimate the effect of the tensor force on the mean GT energy.
These formulas predict the upwards energy shift of the average excitation energy due to the tensor correlations. It agrees quite well with our numerical RPA results. It is interesting to point out that the main GT peak, contrarily, gets an energy shift downwards because of the peculiar features of the tensor correlations. In fact, the upwards shift of the average energy is the outcome of the GT strength appearing in the high energy region between 30-60 MeV, but does not correspond to the energy shift of main GT peak. Since the tensor interaction is spin-dependent, we expect that it can have important effects not only on the GT transitions, but on spin-dipole and other spin dependent excitation modes as well. These issues will be discussed in a forthcoming paper. 
